ABSTRACT
Courses in physiology engage students through active learning strategies including small group discussions, group work, and opportunities to explore a scientific problem and explain their findings. Many of these active learning exercises take place in tutorial and laboratory settings. Unfortunately, traditional physiology lectures are often limited to conveying information through lecturing and PowerPoint slides. This approach provides little opportunity for student engagement above lower-order cognition, i.e., writing notes, listening, memorization (Freeman et al. 2014) . Student response systems (e.g., clickers) are a valuable tool to facilitate active learning in the lecture setting that could enable students to take control of their learning ("Do I truly understand this topic/concept/theory?") (Hwang, Wong, Lam & Lam 2015) . In addition, clickers provide valuable instant feedback to the lecturer about student comprehension, and can be used to track participation and attendance. Many platforms are now available including clicker devices and virtual clickers to facilitate active learning and meta-cognitive exercises in the lecture setting. Student feedback response platforms may provide a way to introduce active learning into the lecture setting with physiology lectures resulting improved engagement and better achievement of learning outcomes. This workshop provides practical strategies and examples to help instructors evaluate the benefits, challenges, and methods of integrating student response systems into the physiology lecture setting. KEYWORDS student response systems; active learning in lecture LEARNING OUTCOMES By the end of this workshop, participants will be able to:
 Identify the benefits of clicker integration into lectures. Traditional lecture typically involves two distinct roles: (1) the lecturer is tasked with the dissemination of course materials and concepts; and (2) the student is responsible to be attentive, take notes, and be present to learn the information that is being provided to them. This traditional lecture setting promotes a "teaching by telling" approach where the engagement of the student is limited to lower-order cognition (note taking and memorization). The authors of this article argue that there is a multitude of published literature suggesting the necessity for students to have ownership of the material they are learning -that is, they must not only receive material but be provided opportunity to critically evaluate the material and assess their understanding/lack of understanding to achieve optimal learning. The authors performed a meta-analysis of 225 existing publications to determine the effect of the presence/absence of active learning on student performance (examination scores, failure rates) across various science, technology, engineering and mathematics (STEM) lecture courses. The authors report that the use of active learning strategies (group-problem solving, tutorials, clickers, etc.), in contrast to traditional lecturing resulted in improved student performance on examinations/evaluations and decreased course failure rates. This article provides a proof of concept foundation for the workshop identifying the benefits of integrating active learning into the lecture setting. Facilitators should use this publication as a tool to introduce the concept of active learning and how these practices can have a meaningful impact on student learning and their subsequent engagement and academic performance. Student-teacher interaction within a lecture is an important component of student learning. As an instructor, it is critical to assess how to best foster a classroom environment that facilitates this interaction. A common challenge that instructors encounter in lectures (particularly in large classrooms) is students may be too shy to ask questions which may reveal that they do not understand a concept. Additionally, when presented with questions about content there may be a core group of students that answer questions leaving many other students without a voice in the classroom. One method for addressing these challenges is the integration of audience response systems (clickers). This allows more students to participate in the question-answer process, anonymous submissions removing the potential for discomfort voicing questions among peers, and instant feedback to students and instructors regarding concept knowledge. Hwang and colleagues set out to evaluate preferences to the use of physical and virtual clickers within a diverse set of classrooms (undergraduate and postgraduate; nursing, pharmacy, human biology, etc.) The authors found through two studies that students were positive about the use of clickers, and reported improved engagement in the lecture. Student responses to questions regarding 'understanding' revealed that the clickers were particularly useful to students in assessing whether they understood a concept. This article is particularly beneficial to this workshop for establishing participant beliefs about clicker use and benefits. The authors continue past their initial two studies to discuss some of the benefits and challenges to each of the two types of clicker (physical or virtual). The facilitator should familiarize themselves with the two modalities and the benefits/challenges associated with each to guide group discussion. Interactions between students and instructors becomes increasingly difficult as class size is increased, making it difficult for instructors to assess student understanding of concepts, address the variety of student questions without becoming too individualized, and maintain classroom engagement. One frequent concern with clicker use is the cost associated to the university or students for the purchase and use of physical clickers. In recent years, numerous online platforms have been established that can address this concern. The current study evaluates virtual clicker use on social network systems (SNS). This study used Twitter for a series of pop quizzes and surveys in a large lecture setting with the intent to determine the effect of this virtual clicker platform on student learning. Additionally, the study included surveys to assess whether virtual clicker use on smartphones affected students' use of smartphones for non-academic purposes. The authors found that the use of Twitter-based responses had a positive impact on student performance on examinations. Student responses to survey questions regarding their concentration, involvement and the concentration of their colleagues indicate that there was a positive shift in response following the use of the proposed platform. A common concern with platforms of this nature is that students will be distracted from the lecture. Interestingly, the authors found that the use of smartphones for nonacademic purposes decreased when the Twitter-based response system was integrated. This article provides valuable insights into the effect of SNS/smartphone-based platforms for student responses. This article provides the facilitator with an evidence-based approach to a common concern with virtual clicker use. It is anticipated that this will be presented as a challenge through group discussion and can be addressed through the discussion on overcoming barriers to use. Modern undergraduate classrooms are adapting to facilitate various learning environmentslectures (face-to-face, F2F), blended-learning (some division of time between F2F and online), and online-only. In this study, the authors sought to determine whether the use of clickers in a recorded F2F lecture were a distraction for distance education students. Close-ended questions in addition to open-ended comments were analyzed to determine if the benefit of clicker use was maintained between the F2F and distance education cohorts. The authors reported that responses between both the F2F and online learning groups were generally positive to clicker use, particularly when paired with an explanation of answers through annotated figures. This article addresses concerns for situations where a lecture is recorded and used for an online cohort of students. Specifically, the article provides evidence that clicker strategies should not be discouraged in such situations, as the responses and subsequent explanation of concepts was also beneficial to distance education students. Lectures maintain a stronghold in undergraduate education as a primary modality for conveying course materials. One of the challenges associated with the traditional lecture is the approach that the instructor has knowledge that the student does not possess and thus students are 'empty vessels' waiting to be giving instruction. While it is true that the lecturer has knowledge that the students require and do not currently possess, constructing the lecture around the conveyance of knowledge and the passive learning of students (note taking and memorization) may not be the best method for student learning. In fact, there are a multitude of studies demonstrating that passive learning is not the optimal way to promote student learning. In this article, the authors discuss the use of clicker systems to promote active learning. The authors propose that clicker response systems can be used for higher-order cognitive exercises such as fill in the blank, rating scales, numbering, multiple choice and small peer discussion questions to enhance the understanding of complex scientific questions. This article provides an excellent resource to the workshop facilitator as it aptly outlines the various applications of personal response systems in a variety of settings including the traditional lecture. Instructors can find ways to phrase questions around complex scientific ideas that promote higher-order cognition and can even be extended to meta-cognitive processes through reflection and discussion of the questions. The article also outlines some practical guidelines for equipment use and purchasing (such as which receiver type, infrared or radio, is best for your classroom, etc. A strategy to promote active learning with student response systems is to integrate peer discussion and/or instructor explanation of the answer. Following clicker responses, instructors may explain why an answer was correct and why other answers were not correct. Peer discussion involves allowing time for students to turn to a peer or small group around them and discuss a question before answering with their clicker. The current study examines whether instructor explanation alone or in combination with peer discussion is most effective. The authors examined endpoints between the first and second quarter (Q1 and Q2, respectively) of an undergraduate genetics course. They looked for two indicators of student performance, number of correct answers and mean scores from Q1 to Q2, between major and non-major participants as well as weak, medium, and strong performers. The authors report that both the percentage of correct answers and mean scores between Q1 and Q2 were improved for both majors and non-majors when instructor explanation and peer discussion were combined (as compared to either intervention separately). Additionally, they report that the most significant learning gains were gained by weak and medium answering students. The workshop facilitator could use this article to discuss ways in which clicker questions can be made into meaningful active learning opportunities. Give the floor to participants to share one way that students could be engaged and one challenge to assessing learning outcomes in a lecture setting.
To have participants reflect on their own experiences in lecture and to share their strategies for engagement.
To encourage participants to identify the challenges of engaging students and of assessing student achievement of learning outcomes.
Sharing experiences within a diverse group enables participants who may not have had experience lecturing their own classes to hear some of the challenges that can be encountered and begin to think about how and why we engage/assess students. Drawing on Freeman et al. (2014), discuss some of the ways that students are currently engaged and assessed in lecture settings and the challenges that accompany these pedagogies.
To connect the group discussion to published research on the topic. Following small group discussions, the groups will come back together to share some of the challenges they have identified.
To encourage participants to think about the challenges of implementing clickers into their individual department and lecture context. To demonstrate the diversity of available student response systems, and to introduce current or institution-specific technologies.
To demonstrate the ease of using a virtual clicker system.
20
Small Group Discussion And Closing Remarks
Give participants the opportunity to discuss and share how they plan to implement clickers in their future teaching to help students achieve class or course learning outcomes.
Thank participants for attending and discussing. Dismiss the session.
To provide an opportunity for reflection and goal setting.
Total Time: 120 minutes
PRESENTATION STRATEGIES
This workshop introduces student response system clickers providing evidence and examples to support their use.
Facilitator talking points:  Clickers provide a unique opportunity to engage all students in the lecture setting as compared to having a select group of apt students answering for the class.  Clickers also provide instant feedback to the instructor for the evaluation of the groups grasp of course content. For example, an instructor may find through a clicker question that much of the class answered incorrectly on a key concept. The instructor could then re-highlight that concept and follow up with another concept checking question in a following lecture.  Instant feedback is also beneficial for the student learning experience. Instant feedback provides each student with the opportunity to assess if they truly understand a concept in an anonymous manner.  Anonymity within response systems enables those students that would often be too shy or apprehensive to ask a question among their peers to have an opportunity to demonstrate their understanding of a concept.
There are several active learning exercises embedded within this workshop including small group discussion, group discussion, and meta-cognitive exercises. Participants will leave the workshop with the ability to describe the benefits of clicker integration into lectures and how to use clickers for active learning. Further, participants will receive a hands-on demonstration using a common technology chosen by the facilitator.
The facilitator could prepare a PowerPoint presentation based on the annotated bibliography to share at relevant points during the workshop. The facilitator should also choose a student response system and prepare questions in order to demonstrate the technology during the workshop.
The facilitator is advised to have access to:  A room with: o Tables seating 4-5 people arranged with enough seating for 15-20 people o Audio/visual equipment to display PowerPoint slides o White board and markers to record group discussion points  Appendix A handouts for all participants  Coffee/tea and snacks APPENDIX A: Sample Group Handout As a group, read the following sample physiology questions. Once read, discuss strategies for turning these clicker questions into a more complex active learning activity. 
